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Section  I 
Background 


IVedskm  insiniiiiatt  beariiip  m  ctmtntly  ttied  in  aiicrdk  avkjoia  and 
missik  foidance  lysians.  lb  niaintain  die  Ug|i  preciaioo,  low  finctioo,  and  Ugh 
reliability,  that  operational  regunemeots  have  impoaed  demandi  “ultiaclean**  greaaei 
qiedally  engineeied  for  dieae  a|i|dicatioat.  Conendy.  two  ndlitaiy  inatnm^ 
bearing  grease  qiecificatioot  ate  widely  naed  for  these  appHcarioot.  One  it  MEL-G- 
23827,  Grease,  AJbrcri0mdlnstnmeia,  Gear  and  Aetaator  Screw,  and  OieoAer  is 
MIL<S-81937,  Grease,  Instrument,  Ultra  Clean.  Both  greases  are  ftannnlaied  with 
diester  oil,  lithiuni  thickener,  and  additives.  In  an  infbnnal  survey  condncied  by  the 
Department  of  Defense  (DoD)  Instrument  Bearing  Working  Oroiqi  (IBWG),  these 
greases  did  not  provide  good  service  life  in  U^  temperature  apfdications  and  often 
gave  inadequaieooRosion  protection  to  bearing  materials.^  For  tiiese  reasons,  time 
is  a  great  need  for  new  **oltraclean**  instrument  bearing  greases  to  improve  the  life  of 
bearing  systems. 

Most  military  instrument  beating  lubricating  greases  are  formulated  for  intended  use 
in  extreme  field  environments  and  multipurpose  qiftiications.  1b  meet  these 
requirements,  the  following  |tiiysical  and  chonical  properties  are  generally  required 
in  military  instrument  bearing  grease  specifications. 

•  ^de  operational  temperature  ranges  (>54  to  121 

•  Low  firictkm  coefficient  and  initial  torque 

•  Excellent  corroskm  {xoiection 

•  Wear  preventive  characteristics 

•  Quiet  service 

•  Ltmgqierational  and  storage  life 

•  Ultraclean 

Ultraclean  grease  is  required  to  avrad  the  severe  wear  problem  oi  small  precision 
bearings  and  the  degradation  of  bearing  life.  Solid  particles  or  din  contaminants  in 
grease  usually  originate  from  raw  materials  and  manufacturing  process  or 
envircmments.^  Normally,  these  particles  are  controlled  during  grease  manufocture. 
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xoamitetiirinf  process.  11ierefiocB,oiiIyafisw|Medikmbe«iBf  freesesaroevefiUilB 
to  the  instromrot  bearing  community. 

Tb  increase  the  availatriUty  of  **ultraclean**  greases,  an  ultrafiltrstion  teduuque  was 
recently  introduced  into  the  instrument  bearing  community.  A  mi^  potential 
benefit  by  using  this  technique  is  duu  many  instniment  bearing  greases  can  be 
remanufactured  fix»n  a  variety  of  readily  available  petroleum  and  synthetic-based 
bearing  greases.  On  the  odier  hand,  many  workers  in  die  grease  industiy  are 
concerned  that  the  ultrafiltrstion  process  may  remove  critical  addidves  fiom  sonre 
greases  or  change  die  structure  of  the  thickener,  adversely  affecting  their 
performance.  Unlike  oils,  which  contain  soluble  additives,  greases  are  formulated 
with  finely  divided  insoluble  thickeners,  and  may  also  contain  insoluble  additives 
that  may  or  may  not  be  removed  by  ultrafiltration  process. 

To  resolve  diis  concern,  a  project  was  recendy  initiated  to  detennine  (1)  whether  die 
physical  and  chemical  propeities  of  filtered  greases  are  altered  by  the  filtration 
process,  and  (2)  whether  the  filtered  greases  can  improve  instrument  beating  life. 
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Section  II 
Evaluation  of 
Ultrafiltration  Procedures 


The  primary  task  of  any  filter  is  to  remove  and  retain  some  unwanted  sttbftance  fiom 
a  useful  medium.  In  grease  filtration,  die  unwanted  substance  is  usually  defined  as 
tiic /HirticuUtte  cotueamnation.  Unlike  oils,  the  grease  filtration  can  not  nonnally  be 
perfonned  using  the  general  labontoiy  equipment  due  to  the  limited  gravimetric  flow 
of  grease.  For  this  reason,  grease  filtration  is  always  performed  using  hi^ 
pressurized  equqmient  such  as  a  hydraulic  system  or  high  pressure-pump  triiich  has 
the  oqiability  to  develop  die  necessary  pressures  to  force  die  grease  duou^  the 
supported  membrane.  Using  this  type  of  equipment,  die  lubricating  greases  are 
currendy  ultrafiltered  at  pressures  below  6,800  KPa  using  membranes  in  the  3, 5, 10 
micron  pore  size  range. 

The  most  important  step  in  the  filtration  process  is  to  determine  the  residual 
particulate  contamination  in  the  filtered  grease.  The  contamination  level  of  grease  is 
commonly  described  by  the  number  of  particles  widiin  specified  size  ranges  in 
definedarea.^  Particle  sizes  are  doermined  by  die  largest  dimension  in  mictameters 
and  its  counting  is  usually  done  under  microscope,  hi  military  grease  systems,  . 
cleanliness  has  been  classified  into  duee  contamination  levels;  regular,  dean,  and 
ultra-clean.  A  grease  ctmtaining  a  particle  size  larger  dian  75  micron  is  defined  as 
normal  or  regular  grease,  while  the  exher  is  ccnsideied  a  clean  grease.  Typically,  a 
grease  having  a  particle  size  less  than  35  micron  is  currently  ctmsideted  an  ultradean 
grease.  This  classification  has  been  used  for  a  kmg  time  in  several  military  grease 
specifications  to  control  particulate  contamination.  Thble  1  shows  the  military 
specification  requirements  for  particulate  contamination  level. 


Table  L  Military  Spedfication  Requirements  for  Particiilate  Level 


||HI^2^SES3BI 

IIQQ^^III 

ML-G-81937A 

10  or  larger 

1.000 

35  or  larger 

0 

25  to  74 

1.000 

75  or  larger 

0 

0 

MlL-G-23827:  Grease.  Aircraft  and  Instniment  Gear  and  Actuator 

Mn.-G-61937A:  Grease,  instnanent.  LMredean 

MIL-G-813220:  Grease.  Aircraft.  Generai  Puipose.  Wide  Temperature  Range 
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Approach 


The  investifttkm  of  altnfiltntioD  techniqiie  wu  direcied  lowsid  00091^^ 
pl^sical  and  chonical  properties  of  filtered  and  Qodfihendgieaaee.  &diiaIfy,two 
milhaiy  greases  were  selected  for  this  stnefy.  One  wu  MIL<S-81%QQD.  Gmue, 
Ainrgfi,  General  Purpose,  WUeTenq)mttiaeRangeuidiiicctdrawnMILrO- 
\W2AP,  Grease,  Automotive  and  Artillery,  Both  greases  were  not  onginalty 
fiwnulated  for  use  in  instnnnent  bearing  abdications.  MIL-O-1092^  grease  was 
designed  for  ground  vehicle  implications  while  MILrO-81322D  grease  was 
fonnulated  for  aviatioo  implications.  These  greases  have  a  technological  sunflarigr 
in  diattiieybodt  use  shnilar  synthetic  base  oils  that  impart  excellent  wide 
temperature  properties  as  well  as  diennal  and  oxidation  stability  to  the  grease.  Th^ 
differ,  however,  in  their  dudeener  systems  Old  additive  chemistries  to  meet  die 
perfinmance  lequimnents  of  their  leqiective  spedfications.  TVpicalIy,MlL<}- 
10924F  grease  was  designed  to  provide  saltwater  conosioo  protection  while  MILO- 
81322D  grease  provides  fierii  water  conosionprotectioo.  Their  nu^  differences  in 
the  {diyaical  and  chemical  properties  are  listed  in  IhUe  2. 


Table  2.  Physical  and  Chemical  Properties  of  Teat  Greases 


ML-G-81322D 

ML-0>10024F 

Base  OH 

PAO* 

PAOtlMieraiOR 

Thickener 

Clay 

Udiiuffi  Complex 

NLGI  Consistency  Number 

1 

2 

Operation  Temperature 

•54  T0 180 -C 

•54  T0 180  *C 

Corrosion  PratecOon 

Freshwater 

Sahwator 

•Pofyelphaoletin 


lb  prepare  die  test  samples,  die  greases  selected  lor  dnsstutfy  were  nhesfiltered 
using  ten  micron  pore  size  mmnbranes.  A  device  utilized  in  this  filtiation  study  was 
die  NYE  grease  filtration  equipment  vdiich  is  shown  in  Hgure  1.  The  nlnafiltritinn 
procedure  basicaliy  consists  of  dunging  the  hollow  stainless  steel  c^inder  widi  die 
lubricating  grease  to  be  filtered  and  aedvadng  die  pneumatic  lam  to  disdunge  die 
grease  through  the  filter  assemUy.  The  particulate  contamination  levei  of  filtered 
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fiMiM  dBHfBikKd  Iqr  IWmd  left  mediod  0P114) ‘I91B.  3005 A 

cfGmue.  ItemeAodoooiteiofplaeiaf  tmuMBanoaBtoffmieoaioaAiB 

X  IQaiifi  «  fl-tinm)  f«if  hfitWPMI  CittlBfld  j^hwt  Md 

CTiminwf  tile  ilkte  under  amkaotcopeto  dttenniae  the  tiac  and  nnmber  of  pgticto* 
in  the  hihrictring  greaaes. 


FignreL  NYE  Grease  Filtration  EqidiNBcat 


To  detCTmine  solid  compoiitioo  of  filtered  greeaet,  *  thennolgnivinietric  enelytii 
(lGA)mediod*wasa(iopiedint!iisstii(fy.  TldsmeAodwasaiifiBallydevdopedio 
measure  vctiatOiQf  of  faitateants  and  lewkK.  In  AisTOAaaaly^oiitybaaeoflaad 
s(tiitide  additives  cflidnictting  freaae  ev^pome  tinoogh  a  wide  tempeatare  nu^ 
(up  to  500  **C),  while  the  insttiuble  additives  and  thickener  system  remainatlie 
residue  of  smqide.  The  residts  obtained  fininte  baseline  tests,  whidi  was  oooducied 
to  verify  tins  tedutique,  agreed  witii  die  origbudfiQRMfatiioQ.  Iherefine.itwas 
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camfotilkw  in  gwaiet  M  a  icrpenfat  1 

showninFigiael. 


A  Qfpicit  TQA  oa^  b 


•mvIk  UNFZUTEIKO  MIL-«Hlta2S0 
•IZK  48.8830  ■« 

Mathod:  T8A  TE8T 

Count;  NLSZ  REPORT.  NITKMEN  80  HL/NZN 


TGA 


FUk  C  filter. 008 

Oparator:  RHEE 

Run  Data:  IS-Aus-BS  08;  38 


.40  %  OIL 
1.06  ag) 


Raaldua: 

10.91  %  SOLID 


Tanparatura  {*0 


T8A  VO.IA  OuPont  8800 


Figure!.  1>pical  TGA  TSwrinograpli 


lb  assess  the  ultiafiltratioii  technique,  physical  and  perfonnance  tests  were 
conducted  to  compare  the  properties  of  filtered  and  unfiliered  greases.  The  test 
methods  used  in  this  investigatioa  were  the  grease  qualificatioo  test  methods  dutt  are 
cutrendy  utilised  in  military  q)ecificalionMIL-G-10924F.  Data  fifom  m^liered 
greases  were  used  as  a  basdine  for  this  study.  Thetribtdogypropeitiesafdietett 
sanqiles  were  determined  die  bearing  life  and  wear  tests.  Ibdetennkieoaddation 
life  die  filtered  greases,  the  Pressure  Differaidal  Scarming  Caknimeter  (FDSQ 
medxxt’ was  used.  Noise  tests  were  also  conducted  to  coo^are  noise  levds  of 
precision  bearinp  hibtfeated  widi  and  widiout  filtered  greases. 
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Section  IV 

Discussion  of  Test  Resuits 


Ultrafiltratioa  results  are  shown  in  Table  3  with  photomicrognQ)hs  (x2S0)  diqdayed 
in  Hgure  3.  No  particles  baser  than  35  micrtm  size  were  found  in  eidier  filtered 
sample.  Tfible  4  shows  the  total  solid  composition  of  test  greases  which  was 
measured  at  before  and  after  filtration  using  TGA  analysis.  In  this  TGA  analysis, 
about  one  percent  of  the  solid  compositicm  was  filtered  out  of  the  MIL*G-81322D 
grease,  while  only  0.4  percent  of  solid  was  removed  from  MIL-G-10924F  grease.  It 
^>pears  that  the  ultrafiltration  process  not  mtiy  removes  particulate  contamination, 
but  also  filters  out  solid  materials  such  as  thiclrener  or  insoluble  additives. 


IhUe  3.  Particulate  Contamiiiatioii  Level  for  Test  Greases 


MiL-G-813220 

iaL-6-10924F 

■■H 

UnlHtersd 

nitersd 

FBtsred 

10  to  34 

0 

250 

0 

>35 

200 

0 

250 

0 

Table  4.  Total  Solid  Composition  of  Test  Greases  from  TGA* 


UNFILTERED 

FILTERED 

CHANGES 

MIL-G-81322D 

KB 

9.598% 

0.912% 

MIL-G-10924F 

16.38% 

0.39% 

*  Thermolgravimetric  Analysis 
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Figure  3.  Microphotc^ph  of  Test  Greases  (x250) 


A  summaiy  of  die  laboratory  test  results  is  presented  in  Tbble  5.  The  data  obtained 
fipom  each  filtered  and  unfiltered  grease  were  generated  fixxn  grease  perfonnanoe  test 
methods  used  in  die  MIL-G-10924F  specificatitm*  FAG  noise  test  mediod,  and  in- 
house  tiiobology  test  methods  (SRV,  Ibique  test.  PDSC,  etc.)  for  instrument  bearing 
greases.  Thble  5  shows  diat  both  filtered  greases  provided  very  similar  results  in 
comparistm  with  those  of  unfiltered  greases  except  for  die  corrosion  test  In  die 
distilled  water  corrosion  test,  it  was  found  that  the  ultrafiltration  process  removed 
crucial  additives  firtnn  MIL-G-81322D  grease  and  adversely  affected  conosion 
protectitm  property.  It  iqipears  that  the  sodium  nitrate  used  for  rust  inhibitor  in  diis 
fonnulation  was  aj^iarently  removed  by  tte  ultrafiltration  process.  In  fiict,  die 
sodium  nitrate  is  a  fine  solid  powder  and  its  solubility  is  very  low  in  base  oiL  Unlike 
the  MIL-G-81322D  grease,  the  MIL-G-10924F  grease  passed  both  distilled  water 
and  saltwater  ctniosion  tests.  These  results  imply  duit  grease  fonnulated  with 
insoluble  inhibitors  has  a  greater  chance  to  have  its  performance  adversely  affected 
by  ultrafiltration.  Figures  4  and  5  show  three  bearing  raceways  tested  with  filtoed 
and  unfiltered  grease  samples  in  both  distilled  water  and  saltwater. 

A  primary  concern  regarding  the  producticm  of  ultraclean  grease  dirough  filtration  is 
die  removal  of  dudkener,  wlndi  consist  Of  extremely  fine  particles,  with  solid 
particulate.  In  grease  formulation,  the  types  of  diickener  material  and  its  quantity  are 
vitally  important  to  obtain  a  stable  grease  structure  and  physical  property.  The 
unbalance  of  thickener  ratio  with  base  oils  is  evident  in  their  consistency  stability, 
mechanical  stability,  excessive  oil  separatitm,  and  thermal-oxidation  stability.  If  the 
thickener  ratio  is  decreased  due  to  the  ultrafiltration,  the  filtered  grease  may  undergo 
softening  in  penetration  due  to  die  grease  structure  changes  or  a  significant  decrease 
in  the  high  temperature  expectancy.  In  these  tests,  the  consistency  stability  of  tested 
greases  were  determined  by  the  worked  penetration  test  Hie  test  results  indicated 
that  both  of  the  filtered  greases  do  not  alter  in  the  penetration  determinations  firtmi 
unfiltered  greases. 

To  evaluate  the  mechanical  stability  of  greases,  the  MIL-G-10924F  specificatitm 
requires  the  worked  stability  test  and  toll  stability  test  Both  tests  were  designed  to 
measure  the  penetration  changes  in  consistency  due  to  tiie  continuous  application  of 
shearing  forces.  If  filtered  grease  have  a  mechanical  stability  problem,  they  usually 
iqipear  normal  before  being  subjected  to  service  Imt  will  soften  rapidly  uptm  working 
due  to  the  low  concentration  of  thickener  in  grease.  These  results  directly  depend  on 
the  ultrafilterability  of  grease.  In  these  tests,  both  filtered  greases  did  not  show  any 
abnormal  behavior. 
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Unfiltered  Grease 


Filtered  Grease 


MIL-G-10924F 


Unfiltered  Grease  Filtered  Grease 

MILG-81322D 


Figiire4.  Distilled  Water  Corrosioii  Test 
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MILG-81322D 


MIL-G-10924F 


Unfiltered  Grease  Filtered  Grease 

MIL-G-10924F 


Figure  5.  Saltwater  Corrosion  Test  (1%  Nad)  Results 
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Excessive  oil  sqNumtioa  of  filtered  grease  often  indicates  that  die  significant  amotmt 
<rf  thickener  is  being  removed  dnou^  ultrafiltiatioo.  lb  assess  this  idiysical 
property,  a  static  oil  separatioa  test  was  conducted  according  to  the  ASTM  D1742 
MtOiod^OUSqHvationfrcmlMbncatutgGnaseDtaiHgStonge.  Theresultsdid 
not  indicate  any  oil  sepaiatioo  from  die  bodi  filtered  and  unfiltered  greases.  Dynamic 
oil  sqiaration  tests  were  conducted  using  die  modified  ASTM  D4S34  Method,  Oil 
Separation  from  Lubricating  Grease  by  Centrifitging  (Koppers  Method)  to  verify 
diese  results.  The  results  showed  that  both  filtered  greases  gave  a  slighdy  high  oil 
separation  whoa  compared  to  those  of  unfiltoed  greases.  It  appears  duu  diere  was  a 
removal  of  diickener  by  uhrafiltiation. 

The  diermal-oxidation  stabili^  of  die  filtered  greases  was  comprehensively  evaluated 
using  the  results  obtained  from  the  dn^iping  point  test,  evaporation  test,  and  die 
Pressure  Differential  Scanning  Calorimetry  (FDSC)  test  the  ratio  of  thickener  and 
base  oil  in  filtered  greases  is  changed  due  to  die  ultrafiltration,  the  dropping  point  and 
evapmadon  of  greases  would  also  be  expected  to  be  adversely  affected.  Fortunately, 
we  did  not  observe  this  type  of  problem  in  bodi  filtmed  greases.  To  evaluate 
oxidative  life  of  filtered  greases,  the  oxkiation  tests  were  conducted  using  the 
proposed  ASTM  FDSC  mediod.  This  method  is  cnnendy  being  devdoped  to  assess 
oxidation  stability  of  die  lubricating  greases  using  the  differential  heat  flow  between 
sample  and  reference  thermocouple  at  various  temperatures  (ISS  *C,  180  ^  210  *C) 
underpressure,  3.5  MPa.  In  diis  procedure,  die  degree  of  oxidation  stalnlity  ata 
given  temperature  is  determined  by  an  induction  time.  Hie  PDSC  test  results  showed 
that  the  inducdcm  times  of  filtered  greases  are  not  affected  by  ultrafiltration.  It 
appears  that  liquified  or  oil-soluble  inhibitors  may  not  be  filtered  out  dmxigh 
ultrafiltradon. 

Tribology  properties  (frictitm,  wear,  lubrication)  are  one  of  important  operational 
parameters  in  instrument  bearing  greases.  Most  precision  bearing  lubricants  ofien 
use  anti-wear  additives  to  improve  their  wear  prevention  proper^.  Hiis  property  is 
usually  evaluated  in  die  Four  Ball  Wear  test.  To  determine  whedier  clean  grease  can 
improve  wear  prevention  on  the  bearing  surface,  the  four  ball  wear  tests  were 
performed  according  to  the  ASTM  D2266,  Wear  Preventive  Characteristics  of 
U'bi  'crting  Grease  (Four-Ball  Method).  The  test  results  indicated  that  the  filleted 
greases  provided  a  better  wear  protectitm  tm  bearing  surface  dum  dioae  of  unfiltered 
greases.  These  rr'iults  were  also  confirmed  in  SRV  wear  tests.*  It  deariy  showed 
that  solid  particles  can  cause  very  serious  damage  to  precision  bearings,  either  loo;;- 
term  wear  by  fine  particles  or  nqiid  scoring  by  coarse  partides.  Unlikewear 
prtqierties,  the  extreme  pressure  properties,  low  temperature  toque  values,  and 
friction  coefticfent  of  filtered  greases  did  not  change  due  to  the  ultrafiltration. 

Table  5  identified  toque  test  data  obtained  H  room  temperature.  It  showed  that  die 
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fiteied  MI1X341322  freue  ioqiRMcd  iti  iBttid  ttqoB  wdiOe  ite 

G-10924F  giene  was  unchanged.  These  leniltt  inqify  diat  olinifiteaiim 
improve  the  tribdogy  properties  (tf  lubricating  greases. 

A  high  tevd  of  nmse  generated  from  dw  instrument  bearinp  is  usually  caused  from 
the  surface  defects  or  damage  of  the  anti-friction  compooems  (ball,  races),  or  due  to 
die  solid  or  smni-solid  particles  of  the  lubricant  (dust,  oystallized  inhibitan,  etc.).'' 
lb  assere  noise  levels  of  tested  samples,  noise  tests  were  conducted  using  a  FAG 
noise  test  rig  MGG  11.  Ihble  S  showed  that  the  filtered  MIL-G-10924F  grease  did 
not  improve  the  quality  of  noise  level  while  filtration  improved  die  noise  level  oi 
M1L-G-81322D  grease.  Homogeneity  and  cleanliness  resulted  from  the  removal  ci 
large  size  clay  particles  or  solid  additives  formulated  in  MIL-G-81322D  grease, 
slighdy  contributed  to  the  reduction  of  noise  level. 

(Tlean  greases  tend  to  improve  the  bearing  life.*  To  verify  diis  result  with  filtered 
greases,  bearing  tests  were  conducted  accmding  to  the  ASTM  D3S27  Mediod,  Ltfe 
Performance  Test  of  Lubricating  Greases.  In  diis  test,  bearing  life  is  represented  by 
the  grease  life.  Table  S  showed  that  the  filtered  greases  did  not  improve  the  bearing 
life  in  the  high  temperature  bearing  tests  (160  ^C).  Tb  clarify  this  area,  the  bearing 
tests  were  performed  again  at  the  maximum  tolerating  tmnperature  (130  ”C)  of 
instrument  bearings.  In  these  tests,  the  filtered  MIL-G-10924  grease  improved 
bearing  life  while  the  filtered  MIL'G-81322D  actually  reduced  bearing  life.  It 
appears  that  ultrafiltration  process  adversely  affected  the  petfonnance  of  MIL>G- 
81322D  grease.  On  the  other  hand,  MIL-G-10924F  grease  tended  to  imjmive  the 
bearing  life  at  the  operating  temperature  of  instrument  bearings.  It  also  found  that  the 
bearing  life  data  obtained  at  160  **C  were  not  ccnelated  to  those  at  the  lower 
temperature  (130  **€).  It  appears  that  the  high  temperature  life  of  grease  totally 
depends  on  their  thermal  stability  rather  than  their  cleanliness.  Evidently,  die  life  of 
unfiltered  MIL-G'10924F  grease  was  better  than  that  of  MIL-G-81322D  at  130  **€ 
while  their  life  were  opposite  at  the  high  temperature  (160  **€). 
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Section  V 
Conclusions 


Based  on  ov  Ikidted  invesdfttkm  on  Ae  grease  ultnfiltntkm  tedunquB,  it  can  be 
oonchided  diat  dds  technique  may  be  nsefdl  to  produce  dean  greases  fiom  a  Bmiied 
varied  of  readify  available  petroleiim  and  ^tfaedc-based  lidncating  greases.  Abo, 
die  bearing  life  and  its  tribology  properties  can  be  improved  using  filtered  greases. 
The  results  of  dnsstu^  are  smnmariaaed  in  the  following  findings. 

1.  Lubricating  greases  can  be  ultrafiliered  to  reduce  partide  sixes  bdowSS  microns, 
and  to  minimize  the  number  of  particles  between  10  and  3S  microns. 

2.  The  corrosion  test  results  showed  dutt  die  filtered  M1L-G-81322D  grease  fidled 

dbtilled  water  corrosion  test  due  to  the  removal  (rf  a  sdid  corrosion  inhilntor  by 
filirptioo.,.- »>  -  .•  '..•  v.  :  .v  - 

3.  TOA  results  showed  diat  a  significant  amounts  of  solid  particles  (ie,  thickener  or 
addidves)  were  removed  from  MIL-G-81322D  grease. 

4.  C3ean  grease  can  improve  the  instrurnoit  bearing  life  and  its  tribology  properties. 
A  hi^  temperature  bearing  life  totally  depends  on  the  thermal  stabiUQr  of  lubticam 
radier  than  die  clean  grease. 

5.  Noiselevelnuy  or  may  not  be  reduced  by  die  filtered  greases. 

6.  MIL<i-10924F  grease  was  not  significandy  changed  its  performance  after 
filtered,  but  its  cleanliness  bvd  was  improved. 

Therefore,  it  u  reconunend  duu  filtered  greases  must  be  re-tested  prior  10  use  in  the 
instrument  bearings  because  some  filleted  greases  may  alter  initial  performances. 
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